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Tha  orltloal  flow  rata  ar.d  xaro  entropy  of  helium  superflutd 


It  la  well  known  that  the  nuidber  of  symnetrloal  elgenfunctlona  of  an 
aaaani>ly  of  non'-tnteraotlng  Bo8e*£lnataln  syatena  with  a dlatrlbutlon-ln~ 
onergjr  apeolflad  by  the  aet  of  nudbera 

0 - Tf  -J 2 (1) 

where  Wj  la  the  degeneracy  of  the  jth  energy  level,  iissumlng  the  algen- 
funotlona  rapreeent  equally  probable  atatas,  the  assembly  has  entropy 
3 - . k in  0 (2) 

When  the  energy  levels  ere  non-do gone rate 

Wj  - 1,  G - 1,  3 - 0 (5) 

the  entropy  of  every  energy  distribution  le  Identically  aero. 

Ordinarily  one  mexlmlnea  In  0 to  find  the  moat  probable  distribution** 
In-energy  using  either  the  Stirling  approximation  to  the  feotorlale,  or  the 
Dsrwln'^owler  method  of  steepest  deaoents,  and  derives  the  familiar  express'- 

» 

Ion  for  the  most  probable  distribution  nuabersi 
"j  ■ 

where  T and  yu,  are  determined  by  the  total  energy  and  nuicber,  E,  N.  One  then 
substitutes  thla  Into  Eq.(l),  ueee  the  Stirling  approxinatlon  and  derives  the 
entropy  from  Eq«(2),  the  result  Incidentally  being 


a - - Tfyu,)  A - k2  Wj  ] 


2 


If  now  ona  set?  > 1 In  this  result,  It  le  by  no  means  zero,  and  la  therefore 
Inoonsletent  with  Sq,(5).  In  feet,  while  the  dletrlbutlon  n>anber8  of  Eq»{^) 
ere  true  for  unit  weights  w^,  Eq.(5)  is  valid  only  when  w^'J^l. 

In  prlnolple,  for  a Boaa-Elnsteln  gas  In  ary  ordinary  container,  Is 
Indeed  unity,  any  degeneracy  being  accidental,  end  the  conventional  calculat- 
ion of  entropy  la  therefore  strictly  falsa.  Ths  conventional  calculation  Is 
saved  by  the  Heleenberg  Uncertelnty  Principle  (^) . The  life  time  T"'  of  any 
eyetem  In  sty  one  state  Is  so  short  that  thti  uncertainty  In  energy  la  greater 
then  the  apsolng  ^6  batween  the  non~de  gene  rate  levels,  and  the  spectrum  Is 
affectively  contlnuoue.  One  can  then  accept  a large  number  of  levele  w(€-)  In 
a enall  energy  range  d6-  and  aasume  w(€-)d€-  1.  This  valldstss  the  usual 

value  of  entropy  In  Eq.(5). 

If  under  oertsln  olrcunistancee  T"  bscooee  anomslouely  long,  this  validity 
breaks  dowm  tt  le  suggested  that  this  la  what  happens  In  helium  auporPluld. 

If  the  superfluid  forns  In  globules  (2)  of  linear  dlmenslona  L cm.  es  a result 
of  ststlstlcsl  fluctuations  In  population,  the  energy  levels  are  speosd  accord- 
ing to  ths  Boas -E Irste In  modal  of  P. London  with  Intervals  roughly  given  by 

^ h^/BTT  (6) 

On  ths  relaxation  picture  of  thermal  rasletanoe  In  liquid  helium  II  developed 
by  Ikiyar  and  Band  In  19^8  (^),  the  life-time  of  en  atom  in  the  auperfluld  ststa 
le  coupled  with  ths  flow  rata  of  the  super fluid  by  the  relation 


(7) 
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T'  “ O.Oij  oa^/aeo  at  2*^ 

wher#  u_  la  the  speed  of  the  auperfluld  flow. 

9 


If  now 


A^r-T  > h (8) 

the  A>nergy  lave  la  are  too  widely  epeoad  for  the  u>i&ertatnty  principle  to 
blurr  then  together  and  produce  entropy.  The  entropy  ie  therefore  identic- 
ally aero  if 

L Ug  ^ 10  ^ en^/aeo  (9) 

on  equation  obtained  by  substituting  Eqa»(6)  and  (7)  Into  (8)  end  using  m* 
equal  anprorlnotely  to  for  the  effective  mass. 


Prewloue  attempte  to  oohnect  the  erltlcal  flow  rate  with  the  uncertainty 
principle  have  boen  Ineplred  by  the  observed  fact  that 

I. ’,*Q  ~ l»/nHa  (10) 

ar  equation  that  la  ruioBrloally  equivalent  to  Eq,(9),  Tlnce  L and  Ug  ere 
alwaye  perpendloular  to  each  other,  the  uncertainty  principle  does  not  apply 
directly  in  the  form  w..  Eq.(lO).  Instead  we  are  led  by  the  present  dlsouesion 
to  picture  the  filtering  out  of  normal  fluid  at  the  entrance  to  a slit  of  width 
L as  due  to  ite  ability  to  accept  globules  of  superfluid  at  a apeed  not  excaedlng 
Ug  given  by  Eq,(9).  If  the  slit  were  larger,  either  normal  fluid  ehtera  ae  sueh 
or  the  globules  are  too  large  to  have  eero  entropy  and  there.ors  remain  normal; 
if  the  apeed  were  greater,  then  the  life  time  T*  ie  ahortenad  by  Sq.(7),  end 
the  lave la  blur  together  to  reaiore  normal  entropy.  At  lower  speeds  and  amaller 


dlceniilone,  the  en«r,r;’,’  levels  In  the  globules  remain  distinct  and  their 
entropy  remolne  zero  corresponding  to  the  superfluld  state. 

A theoretical  explanation  of  the  relation  (7)»  which  la  essential  to 
the  above  reasoning,  haa  been  suggested  before  In  terms  of  thermodynamics 
end  three  Independent  state  variables  for  non  equilibrium  states. (A) 
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